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Abstract 
Lithium-air batteries have attracted more and more researchers’ attention for their 
highest theoretical specific energy in all the electrolchemical power sources. However, 
in practice, the porous air electrodes will be blocked by the discharge products that 
are not soluble in organic electrolyte, which leads to discharge of the air electrodes 
ending. Therefore, the capacity of practical lithium-air batteries are far less than their 
theoretical capacity. The structure of air electrodes, electrolytes composition, oxygen 
partial pressure, oxygen solubility and diffusion coefficient have a significant impact 
on the performance of Lithium-air batteries, of which the air electrodes including 
carbon materials, binders and catalysts are the most important factors that affect the 
battery performance. Therefore, the study of improving the performance of lithium-air 
batteries are being carried out through selection and modification of carbon materials, 
suitable catalysts, and binders. 
In this work, one kind of lithium-air battery device with gas diffusion electrode is 
designed and built and the discharge performance of air electrodes with the carbon 
materials Super P and CPG2 in lithium-air batteries are investigatd. The reason for the 
difference of two air electrodes with different carbon materials are analyzed  based 
on micro-structure characterizations results. The hybrid air electrodes coposed of  
LiCoO2 as catalyst have a distinctive effects on the discharge performance of lithium 
air batteries, and its improving mechanism is analyzed. We have also studied the 
performance of air electrodes with aqueous solution electrolyte. 
The results show that the discharge capacity of air electrodes with Super P are 
much higher than the ones with CPG2, which it is caused by the microstructures of 
two different carbon materials. The hybrid air electrodes composed of LiCoO2 can 
greatly improve the discharge performance of lithium air batteries. Especially when 
the hybrid air electrodes are charged to 4.1V before discharged, the results show more 













硕士论文   锂空电池空气电极和纳米氧化铁电极材料的研究     武巍     厦门大学    2011 
 IV 
valence state. In lithium air batteries with aqueous solution electrolyte, the air 
electrodes are not be blocked by the discharge product depositions, so it can continue 
to discharge with a almost constant voltage. Until the air electrodes’ surface are 
covered by depositions generated by alkaline electrolyte evaporation and carbonate, 
then the discharge process comes to a end. 
Nano- Fe2O3 as battery material has several advantages: high theoretical capacity, 
abundant raw materials, low cost, and non-toxic, etc., so it has been widely 
investigated as a candidate materials in Li batteries. In this work, the nano-Fe2O3 is 
explored as a new electrode material in aqueous Li batteries, and its electrochemical 
properties,discharge mechanism and the rechargeablity are studied. 
The results show that in aqueous solution, the discharge curves of Fe2O3 electrode 
material have two plateaus.The first plateau was at about 2.1V (vs Li+/Li) and the 
capacity of the first plateau is about 400mAh / g (specific energy is 840wh/Kg). In 
this potential, the Fe2O3 is reduced.The second potential plateau is at about 1.95V (vs 
Li+
 
Key words: Lithium air batteries; Li-water batteries;Air electrodes; Carbon 
materials; LiCoO2; Nano- Fe2O3 
/Li).In this potential, the reduction reaction of the electrolyte occurres at the 
cathode, and the reduction product is hydrogen which is proved by gas 
chromatography. Althrough Fe2O3 material can be charged, the cycling performance 
of the material is poor. In addtion, two methods are used to synthesize nano-Fe2O3, 
and the electrochemical properties of several Fe2O3 materials are measured compared.  



















人类的能源总消耗达到了 14TW，在 2050 年将达到现在的三倍[1]。现在，石
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作为电解液或以聚合物电解质作为电解液和隔膜。这两类锂空气电池原理不大相
同。以水溶液为电解液的锂空气电池的工作原理如图 1.1 所示，其电极反应为： 
正极  O2 + 2H2O + 4e → 4OH- 
负极  Li – e → Li
这种电池电压为 2.21V
+ 








正极  1/2O2 +2e → O2- 或O2 + 2e → O22- 
负极  Li – e → Li
这种电池开路电压在 3V左右，其放电电压在 2.0~2.8V之间
+ 
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图 1.1 水性电解液的锂空气电池工作原理示意图[7] 
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